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This study was undertaken for the purpose of procuring 
information that might lead to the development of objective 
grade standards for dressed beef. 
The present government method of determining beef carcass 
grade consists of the subjective evaluation of the carcass and 
comparison of these observations with a set of ideals or merits 
that have been established as a standard. Subjective evalua- 
tion of the beef carcass, although standardized by the govern- 
ment grading service, permits human bias and error to enter 
into determination of grade. Thus, the establishment of grade 
standards with measured evaluation of grade would place more 
reliability and uniformity to all graded beef. 
As the beef carcass lends itself well to linear measure- 
ment, carcass measurements were considered as a possible method 
by which grade could be evaluated objectively. Specific carcass 
measurement and other pertinent data were collected on a total 
of 155 carcasses at two packing plants. The sample included 
steer and heifer carcasses, grades ranging from Choice to 
Utility and weights from 300 to 900 pounds. The carcass 
measurements included length of carcass, length of hind log, 
total carcass length, length of loin, depth of body, width 
of shoulder, width of the anterior and posterior round, cir- 
cumference of the round, plumpness index of the round, rib eye 
muscle area and thickness of the external fat over the eye. 
Other pertinent data collected included carcass grade, weight, 
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sex and the government grader's descriptive evaluation of the 
carcass. The relationship of carcass measurements, weight and 
grader's descriptive evaluation with grade was determined by 
statistical analysis. The statistical analysis consisted of 
simple linear correlation, multiple correlation and multiple 
regression analysis. 
One of the difficulties in making rib eye measurements was 
the probable interference with packing house routine. Measure- 
ments of the rib eye are time consuming and require the ribbing 
of a large number of carcasses. In order to avoid this major 
difficulty, a method of photographing the rib cut was developed 
and from these photographs the desired measurements were made at 
a later and more convenient time. 
The relationship of carcass grade with measurements was 
determined by simple linear correlation analysis. Carcass 
grade correlated with weight, plumpness index of the round, 
width of shoulder, width of anterior round and thickness of ex- 
ternal fat over the eye muscle gave correlation coefficients 
above -0.40. This information indicated that carcass weight and 
the above mentioned measurements were significant indices of 
grade. 
A multiple regression analysis of grade with weight and 
thickness of external fat over the eye muscle gave a correla- 
tion coefficient of -0.56. Other carcass measurements when 
introduced into the analysis with weight and thickness of fat 
over the eye added no significance to the multiple correlation 
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coefficient. 
The analysis of carcass grade with the government grader's 
descriptive evaluation of the carcass gave correlation coeffi- 
cients ranging from +0,3 to +0,62. 
A multiple correlation coefficient of +0.75 was obtained 
in analyzing carcass grade with the grader's descriptive eval- 
uation of carcass compactness and thickness of external fat. 
The grader's description of round plumpness added no signif- 
icance to this multiple correlation coefficient. 
The government grader's descriptive evaluation of the 
carcass on five factors correlated with actual carcass measure- 
ments showed low relationship. The highest relationship existed 
between the grader's description of round plumpness and the 
measured plumpness of the round with a correlation coefficient 
of +0.40. 
From these limited data, it might be concluded that 
certain carcass measurements give promise as serving possible 
grade indices, which might add more uniformity and reliability 
to beef carcass grades. However, a much larger carcass sample 
will be necessary in order to reach definite conclusions. 
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INTRODUCTION 
During the progress from producer to consumer of the major- 
ity of commodities, it is either inconvenient or impossible 
for the buyer to inspect personally or through an agent the 
commodity he wishes to buy. It is than necessary, in order 
that people may trade for a given commodity, to establish a 
set of standards by which the commodity may be described and 
evaluated. It is essential that the buyer and the seller use 
the same standards to describe a given commodity and that the 
standards have a definitely fixed and understood value at all 
markets. 
One standardization development has been the establishment 
of official government beef carcass grade standards. The present 
government system of determining beef grade consists of sub- 
jective observation of carcass characteristics and comparison of 
these observations with a set of ideals or merits that have been 
established as a standard. This visual appraisal, although 
standardized by government grading service, permits human bias 
and error of the grader to enter into determination of grade. 
The beef carcass is a difficult commodity to grade to ab- 
solute exactness. This is partially due to the fact that there 
are no objective measures of grade and individual carcasses 
differ in certain characteristics, yet may fulfill the require- 
ments of the subjective standard. It, therefore, seems desirable 
that, if possible, objective measures should be employed in 
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determination of carcass grade. Such measurements would tend 
to increase the reliability and uniformity of the grade stand- 
ards. 
This study was undertaken for the purpose of procuring in- 
formation that might lead to the development of objective grade 
standards. As the beef carcass lends itself to linear measure- 
ment, the relationship of specific carcass measurements with 
grade was considered. If relationships do exist, carcass measure- 
ments could then be employed in the objective determination of 
grade. 
Other factors considered to be of primary importance in 
connection with this study are: 
1. Determination of the relationship existing between 
carcass measurements and the grader's descriptive evaluation of 
the carcass. 
2. The development of a satisfactory method for photo- 
graphing rib cuts from which desired measurements could be taken. 
REVIEW OF LITERATURE 
At one time the slaughter and sale of livestock were a 
local enterprise in which the butcher or retailer purchased, 
slaughtered and sold the meat to that local area or community. 
As the consumer was familiar with the quality of the meat the 
butcher sold, there was no necessity for grading. when live- 
stock production moved westward and away from the consuming 
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centers, the packing industry followed production. This in- 
creased the difficulty of marketing meat as the wholesaler from 
the eastern market found it impractical and expensive to travel 
to a large packing plant to purchase a quantity of beef. This 
situation led to the general use of certain terms by which meat 
could be described. The term "native" was applied to livestock 
from the Corn Belt or grain fattened cattle and "western" 
applied to cattle from the range states or grass fattened cattle. 
These broad classifications were then further divided into 
native and western Choice, Good, and Medium. This system was 
not completely satisfactory as the terms were not uniformly used 
in all markets and it became apparent that uniform grade stand- 
ards for beef carcasses should be established. 
The Agricultural Experiment Station of the University of 
Illinois was the first to collect,define and interpret various 
trade names and terms of livestock and meats used on the live- 
stock market. From the information gathered in this study by 
the University of Illinois, "Bulletin 147, Market Classes and 
Grades of Meat", (1) was issued in 1910. Our present system of 
beef carcass grading is based largely upon the standards de- 
scribed in this bulletin. Using this information, the United 
States Department of Agriculture proposed tentative grade stand- 
ards for dressed beef which were published in mimeographic form 
in 1923. These standards were revised slightly and Department 
Bulletin 1246, "Market Classes and Grades of Dressed Beef", (2) 
was issued in August, 1924. The system set forth in this 
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bulletin divided beef carcasses into classes and grades which 
consisted of grouping the carcasses into lots or groups that 
have similar and uniform characteristics. Class would precede 
grade and would be determined on the basis of sex condition- - 
bulls, stags, cows, steers and heifers. The classes would then 
be subdivided into grades and the grades would be determined on 
the basis of conformation, finish and quality of the carcass. 
Conformation applied to the form, shape, outline and p.eneral 
build of the carcass or cut. Under conformation, the character- 
istics of compactness, thickness of carcass, size of rib eye, 
thickness of loin and plumpness of round are considered. Finish 
applied to thickness, color, character and distribution of fat, 
particularly the outside covering of fat and marbling. Quality 
referred to the character of the flesh and fat of the carcass. 
Fineness of grain, firmness and color of muscle tissue and color 
of fat are considered under quality. The grade terms were ex- 
pressed as Prime, Choice, Good, Medium, Common, Cutter, and 
Canner. 
In June, 1926, after numerous public hearings and discus- 
sions, these standards were adopted as official by the United 
States Department of Agriculture and put into actual use in 
June, 1927 on an experimental basis. The experiment was con- 
ducted at ten markets and for the first few months, only Prime 
and Choice carcasses were graded. The grading of Good carcasses 
was not started until January, 1928. When the experiment ended 
June 30, 1928, beef grading proved to have sufficient merit and 
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demand. In July, 1928, Federal gradin and stamping of beef 
by official graders in accordance with the official class and 
grade standards were made permanent. The services of the grader 
were put on a fee basis to anyone desiring; to use them. Tith 
the exception of minor changes, these standards are the same at 
the present time. 
In July, 1939, the standards were revised so that the class 
of the animal was eliminated from the grade and a single stand- 
ard was set up for grading and labeling of steer, heifer and cow 
beef according to fixed quality characteristics. The Prime and 
Choice grades were limited to steer and heifer beef alone. The 
revised standards changed the name of two grades; Medium was 
called Commercial and Common was called Utility. The most re- 
cent and most extreme changes in grade standards were made in 
December, 1950 (3). These changes evolved from the criticism 
of the grade standards by certain factions of the beef trade. 
Prime was not considered a good working grade as only one-half 
of one percent of the cattle slaughtered and Federal graded 
fall in this category. Choice was criticized for having too 
narrow a grade range and Good and Commercial were criticized 
for having too wide a grade range. The Commercial grade in- 
cluded beef from young animals as well as older animals. The 
objection was that the young animals were of better quality and 
should go into a higher grade than older animals. After many 
.public hearings and discussion, the grade standards were revised. 
The changes in the grade standards are as follows: 
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1. The standard of Prime was lowered sufficiently to in- 
clude the Choice grade. The carcasses that formerly graded 
Choice are now graded Prime. 
2. The carcasses formerly qualifyinL for the Good grade 
are now designated Choice. 
3. Beef from cattle which had not reached full maturity and 
was formerly within the top half of the Commercial is now de- 
signated Good. 
4. All other carcasses qualifying for the Commercial grade 
remained in that grade. 
The qualifications for Utility, Cutter and Canner grades remained 
the same. 
Early work in testing the relationship of carcass character- 
istics with grade was reported by Hankins and Burk (4). Exten- 
sive analysis of data from two thousand and sevent,--three cattle 
was used in which eight characteristics were studied. They 
found that thickness of external fat, thickness of flesh and 
uniformity of width of the carcass were the best indices of 
carcass grade with all three having a coefficient of correlation 
well above +0.90. Marbling of lean, firmness of fat, firmness 
of lean, color of fat and color of lean were the other carcass 
characteristics considered in relation to carcass grade. They 
ranked in significance in decreasing order as mentioned with the 
coefficients of correlation being +0.90 to +0.81. Thickness of 
fat gave a highly significant relationship with degree of marbling 
having a coefficient of correlation of +0.28. Thickness of flesh 
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and uniformity of width of the carcass were also highly cor- 
related with fat. 
In 1933, United States Department of Agricultural employees 
(5) working on similar lines and using seven hundred and twenty- 
eight beef cattle correlated carcass grade with thirty-two 
other production and quality factors. Sore of those factors 
when correlated with grade had significant values and indicated 
a relationship of carcass characteristics with grade. The fol- 
lowing: tabular form shows the factors that were applicable to 
this paper. 
Table 1. Correlation of grade with carcass character- 
istics. 
External fat over eye +0.87 
Internal rib covering +0.89 
Kidney fat +0.78 
Marbling of rib eye +0.86 
Grain of lean meat +0.81 
Firmness of lean meat +0.83 
The annual report of the United States Bureau of Animal 
Industry (6) stated that in beef carcass grading, the follow- 
ing factors were significant indices of carcass quality and 
grade: 
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1. Abundant and extensive marbling of lean 
2. High degree of firmness of fat 
3. White color of fat 
4. Light cherry red or bright pink color of lean 
The above named factors decreased in importance according 
to their numerical order. It was further confirmed that very 
thick flesh and external fat with uniformity of width of carcass 
were found to be reliable indications of abundant and extensive 
marbling. This provides graders with reliable indices as to 
the quality and marbling of the unribbed carcass. 
United States Department of Agricultural workers (7) used 
standard methods of measurement and grading on three hundred 
and twenty-two steer and heifer carcasses ranging in liveweight 
from three hundred and seventy-five pounds to estimate grade 
from measurements. These workers found that the plumpness index 
of the round and the liveweight divided by the length of car- 
cass from the first rib to the aitoh bone gave the best estimate 
of carcass grade of any of the factors studied. The ratio of 
carcass length to width indicated a high relationship to grade. 
Hirzel (8), in comparing English show carcasses, set up a 
series of measurements for the rib eye area, the thickness of 
fat over the last rib, and the muscling along the rib. With 
these measurements, he describes the winning carcasses in the 
English shows and compared the effect of breed, age, weight 
and the proportion of muscle, fat, and bone. Some of his ob- 
servations were: 
9 
1. The majority of rib eyes lack depth rather than 
length. 
2. With weight increases, depth of rib eye increases 
more than length. 
3. Bone is often too long in a carcass rather than too 
large. 
4. Muscle development in an animal within a breed follows 
the trend of bone development. 
5. The factors influencing marbling, in order of their 
importance, are fatness, breed, and age. 
These concludions tend to indicate the influence of various 
physical characteristics on the higher quality carcasses. 
Hankins et al. (9) accumulated data on one hundred and 
thirty-five Shorthorn steers of uniform weight and type, rep- 
resenting both beef and dual purpose cattle, to study carcass 
characteristics in relationship with grade. On all carcass 
measurements taken with this group of cattle, the average 
thickness of fat over the eye muscle, measured at three points 
on the short loin cut, was most closely related to carcass 
grades. Of, somewhat less value, in decreasing order, for esti- 
mating grade were average thickness of flesh at the end of the 
sixth, seventh, and twelfth ribs in the prime cut, distance 
from the first rib to the back joint per'unit of empty body 
weight and distance from stifle joint to back joint. It was 
concluded in this study that in cattle varying widely in weight, 
breeding and feeding, the factor most closely related to carcass 
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grade was liveweight per unit of body length and fullness of 
round. It was found that if an extreme variability of fatness 
in cattle occurred, the relationship of grade and other linear 
measurements was not as significant. This information tends to 
indicate that linear measurements were promising as indices of 
carcass grade in weight and finish constant cattle, but when 
weight and finish varied widely, measurement or measurement ra- 
tios would have to be adjusted. 
Hankins (10) reports that objective evaluation measures 
differences in beef carcasses more accurately and with greater 
assurance since the beef carcass lends itself well to linear 
measurement. Much information on carcass characteristics has 
been obtained by linear measurements of length, depth, width, 
area of the eye muscle and thickness of overlying fat. In con- 
nection with other measurements, another factor of interest is 
the weight length relationship; that is, the weight of dressed 
carcasses per unit of length from first rib to back joint. 
This factor is thought to be very useful in differentiating, 
not only between grades, but also between weight groups within 
grades. Marbling is another factor of great importance as it 
is highly indicative of carcass finish and quality. At the 
present, evaluation of marbling is measured subjectively and im- 
provement in evaluation technique is desired. 
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METHODS A7D PROCEDURE 
It was desirable that the sample include the entire range 
of physical variations in weight and finish, regardless of the 
relative number of animals that come to market bearing these 
variations, in order to test the relationship between carcass 
measurements and the grade factors of the carcass. Relation- 
ship studies are analyzed by regression type analysis and the 
sample required for a. regression type analysis is a stratified 
random sample. To collect a carcass sample of this nature, 
the chart suggested in "NCM-3, Beef Procedure 2" (11) was used. 
This chart includes beef carcasses weighing, from 300 to 900 
pounds, divided into 50 pound weight groups and carcass grades 
from Prime to Utility, subdivided into one-third of a grade, 
Table 2. 
The data collected on the carcass sample were those out- 
lined in "NC-3 Mimeograph, Beef Procedure 2" (11), with the 
addition of some modifications (Form I). The following outline 
gives the sampling procedure, handling of the carcass and meas- 
urement details. 
I. Sapling procedure 
A. Sex and age of cattle 
Since the relationship existing between grade and 
objective measurement may differ with the age and sex of cattle, 
this study is confined to steers and heifers. The sex of each 
carcass measured was recorded. 
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B. Eight to ten carcasses were the desired number of 
carcasses in each cell. However, it was considered probable 
that some of the extremes would not be filled. For example, a 
300 pound carcass could not, except in a rare case, qualify 
for Prime grade. 
C. Hot weights of the carcasses were recorded as it 
was impractical to obtain cold weights in a commercial cooler. 
D. The personnel consisted of four men; one man to 
record data, two men to make carcass measurements and a United 
States government grader to establish carcass grade. 
II. Handling the carcasses 
A. The carcasses selected were identified by attach- 
ing a small numbered tag to the carcass. Each carcass had a 
definite number arranged in numerical order. 
B. Each carcass was graded by a government grader to 
the nearest one-third of a grade. 
III. Details of the measurements taken. All measurements 
were taken in centimeters with the use of a steel tape, trans- 
parent ruler and twenty inch outside measuring calipers. 
A. Unribbed carcass side 
1. Length of body, The length of body was deter- 
mined by measuring from the anterior edge of the first thoracic 
vertebra to the anterior point of the aitch bone. 
2. Length of hind leg. The length of hind leg was 
measured from the anterior point of the aitch bone to the middle 
of the hock at the point where the lower leg was removed. 
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3. Total length of carcass. The total carcass 
length was the sum of the measurements obtained in Nos. 1 and 2. 
4. Length of loin. The length of loin was deter- 
mined by measuring from the anterior point of the aitch bone 
to the middle of the thirteenth thoracic vertebra on the ventral 
side. The last named point was located by counting down seven 
and one-half vertebrae from the rise in the backbone. 
5. Width of shoulder. The width of shoulder was 
determined with the use of calipers by measuring from the inside 
of the carcass at the first thoracic vertebra to the outside of 
the shoulder. This is done with the calipers held in a median 
plane to the carcass and parallel to the floor. 
6. Width of round (posterior). The width of the 
round was determined with the use of calipers by measuring from 
the posterior point of the aitch bone to the outside of the 
carcass. The calipers were held in a median plane to the car- 
cass and parallel to the floor. The sum of measurements of the 
right and left side was used. 
7. Width of round (anterior). The width of the 
round was determined with the use of calipers by measuring from 
the anterior point of the aitch bone to the outside of the car- 
cass. The calipers were held in a median plane to the carcass 
and parallel to the floor. The sum of the measurements of the 
right and left side was used. 
8. Depth of body. The depth of body was determined 
by measuring from the dorsal side of spinal canal at the fifth 
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thoracic vertebra to the ventral side of the sternum. The tape 
was held parallel to the floor. 
9. Circumference of round. The circumference of 
the round was measured on a line perpendicular to the long axis 
of the leg frcm a point sixty percent of the distance from the 
hock to the anterior point of the aitch bone. The procedure is 
as follows: With the tape, locate a straight line from the low- 
est point of the aitch bone to the highest point of hock joint, 
place a shroud pin on this previously established point sixty 
percent of the distance from the hock. At this point, a flex- 
ible ruler was placed at right angles to the tape and points 
established on this line with shroud pins on the anterior and 
posterior sides of the round. The circumference is then measured 
by placing a steel tape below these three mentioned shroud pins 
after making sure the tape is taut and touching all three of the 
pins. 
10. Plumpness index of round. This is calculated 
by dividing the length of hind leg into circumference of round 
and multiplying the answer by one hundred. 
B. Ribbed down carcass 
All carcasses were ribbed between the twelfth and 
thirteenth rib (Chicago style). The face of the twelfth rib was 
photographed according to the method described at a later point 
in this discussion. Photographs made it possible to reproduce 
this cut of the carcass and facilitated measuring at a later date. 
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a. Measurements made: (See Plate I for illustration 
of these measurements and for location of points used in the 
measurements). 
1. Area. This measurement was made with an Amsler 
compensating polar planimeter. The average of three readings 
from the planimeter was used to determine the total area of the 
eye muscle. 
2. Length. This measurement was the longest dis- 
tance across the eye muscle. 
3. Width. An average of the three following widths 
was used to determine width: a line (CD) perpendicular to AB and 
one-half the distance from A to B. A line (GH) perpendicular to 
AB and one-half the distance from B to P. A line (EF) perpen- 
dicular to AB and one-half the distance from A to P. 
4. Thickness of fat was an average of three measure- 
ments (LF, MD and NH), measured from the outside of the fat 
where surface of the fat is perpendicular to these points, F, 
D and H. 
5. Rib eye index. Calculated by dividing rib eye 
width into rib eye length and multiplying the answer by one 
hundred. 
b. Color of lean was obtained by the use of Munsell A 
color paddles after the rib eye had been exposed to air for twenty 
minutes. 
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IV. Government beef grader's descriptive terms. In.addi- 
tion to the measurements, the grader's descriptive evaluation 
of the carcass was recorded on a detailed chart, Form II. 
One of the major problems in developing this project was 
the consummation of a satisfactory working agreement with a pack- 
ing plant handling a sufficient volume of. beef to enable the 
gathering of carcass data. One of the difficulties in making a 
large number of measurements in the cooler of a packing company 
is the probable interference with normal packimj, plant operations. 
This is particularly true when tracing of the rib eye must be 
made. Tracing of the rib eye is time consuming and would require 
the ribbing down of a large number of carcasses at one time in 
the cooler. The packer is very reluctant to rib carcasses prior 
to shipping for several justifiable reasons. It may lead to 
added shrinkage, inconvenience in handling carcasses, color 
deterioration of the cut surface and bring about a break in 
routine. This disruption was eliminated by developing a method 
of photographing the rib cut at the time the carcass was ribbed 
for shipping. The desired measurements were made from these 
photographs at a later and more convenient time. 
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Form 1. Chart used in recording carcass measurements. 
Carcass : 
number . 
Classifi- : 
cation : 
Carcass 
weight : . 
U. 
rade 5 
ngth 
of leg . 
Circum- : 
Terence : : 
of round : : 
Width of : 
round-p : 
lAidth of : : 
round-a : 
Length of : . 
loin 
Length of : : 
body : 
Total 
length . 
Width of : : 
shoulder : 
Depth of : 
body : : : 
Plumpness 
of round 
Ribeye 
: . 
. 
. a 
. . 
area : . . 
width : : : 
length : : 
Width of : : : 
fat 
. 
. 
Ribeye . : 
index . : 
Color : : 
paddle 
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Form Chart used in recording the grader's descriptive 
evaluation of the carcass. 
. 
. 
. 
Carcass . 
. 
number : 
. 
Conforms- : 
tion 
compact- : 
ness 
thick- 
ness 
ribeye 
loin 
round . 
. 
Finish . 
. 
thick- . . . 
. ; 
ness 
. . 
distri- 
. 
bution . 
kidney 
. 
knob . 
marbling : 
: 
Quality . 
. 
grain of : 
. 
lean . : : 
firmness : : 
. 
of lean : 
color of : . 
. 
lean : 
. : 
color of 
fat 
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The following technique was developed for taking these 
photographs and making the required measurements. The equip- 
ment used consisted of a Kodak 35 camera, econo-flash strobe 
light, Series VI lens attachment with a one and one-fourth inch 
adapter ring, +1 portra lens and a frame on which to rest the 
camera. The lens attachment, adapter ring and the portra lens 
were required as the photographs were taken at .a close focal 
range of twenty-four inches. The frame was necessary to hold 
the camera stationary and insure the same focal range in each 
photograph. The frame was constructed of copper tubing, con- 
sisting of a ten by fifteen inch rectangular bottom piece to 
rest on the ribbed carcass and two uprights which fastened on 
the camera. The two uprights were adjustable as to focal range 
and position over the carcass. A transparent ruler was taped 
across the upper end of the frame so that when the pictures 
were projected on a screen they could be scaled to actual size.- 
A strip of white cardboard was placed under the ruler to keep 
the ruler from bending and make the numerals and marks stand 
out in the photograph (Plate II). 
Several tests were conducted to determine the accuracy 
of the photographic method and to develop a satisfactory tech- 
nique. In the first test, fine grained Plus X Panchromatic 
film and a focal range of twenty-four inches were used. The 
camera lens opening was set at F 8, referred to as the F stop 
and the exposure time or shutter speed at 1/100. Although 
these photographs were satisfactory for measuring purposes, 
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they exhibited a tendency to be slightly overexposed and the 
optimum amount of desired detail was not present. Further 
tests were conducted using Panotomic X film, an ultra fine 
grain film, different F stops and shutter speeds. Most satis- 
factory results were secured by using Panotomic X film and a 
camera adju4tment of F/16 lens opening and a shutter speed 
of 1/100. 
A Model 3A Kodaslide Projector was used to project the 
photograph of the rib cut on a sixteen by twenty-five inch 
frosted glass field. The actual size of the rib cut was ob- 
tained by taping a plastic ruler on the frosted glass, adjust- 
ing the projector until the ruler in the projected negative 
coincided with the ruler on the glass. Tracings were made of 
the rib cut in the projected negative by taping a sixteen by 
sixteen inch sheet of parchment paper on the rough side of the 
frosted glass facing the projector and tracing the outline of 
the rib cut and its component parts on the parchment paper. 
The desired measurements of the rib eye and external fat were 
made from this tracing. 
The accuracy of the photographic method was checked 
against measurements made from original tracings. Table 3 gives 
the measurements and the correlation coefficient obtained. A 
correlation coefficient of +0.982 between the two methods in- 
dicates that the photographic method can be used with confi- 
dence. Plate II illustrates the use of the equipment in tak- 
ing photographs or the rib cut of a beef carcass. 
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Table 3. Correlation between photographic method and the 
original tracing. 
Carcass:Measurements 
number 
X 
obtained : Measurements obtained from 
:from projected negative: original tracing 
Square inches 
1 9.55 9.39 
2 10.46 10.77 
3 9.45 9.46 
4 8.82 8.97 
5 10.17 10.22 
6 9.55 9.75 
7 7.43 7.73 
8 9.26 9.46 
9 8.36 8.60 
10 10.60 10.33 
S(X2) 885.5425 S(Y2) 903.5418 
Coefficient of correlation +0.982 
To further test the accuracy of the photographic method, 
ten parchment paper tracings and ten photographs were taken 
of the same rib cut. The error variance and the coefficients 
of variability of the two methods were determined. The re- 
sults of this test are tabulated in Table 7. The coefficients 
of variability are extremely low, rendering both methods equally 
accurate and highly reputable. 
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Table 4. Error variance and coefficients of variability of 
the two methods of measuring the eye muscle. 
No. of : Measurements obtained :Measurements obtained from 
tracing: from projected negative : standard method 
Square inches 
1 12.12 12.26 
2 12.06 12.45 
3 12.19 12.30 
4 12.33 12.18 
5 11.97 12.33 
6 12.14 12.12 
7 12.12 12.18 
8 12.30 12.09 
9 11.97 12.06 
10 12.19 12.00 
Error variance = .37 
Coefficient of variability = 0.9% and 1.1% 
The carcass data were collected in the beef coolers of two 
packing companies. Selection was limited to carcasses that 
had been sold and were scheduled to be shipped in a short time. 
A crew, consisting of three men, was able to collect data on 
about fifteen carcasses per hour. One man recorded measure- 
ments, one man, using a six foot ladder, took measurements that 
could not be reached from the floor and one man identified the 
carcass with a numbered tag and assisted in the measurements. 
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All points measured were marked with shroud pins to facilitate 
the measuring process. The carcasses were ribbed as soon as 
it was convenient to do so. Photographs of the rib cuts, 
color readings of the rib eye, carcass grade and the grader's 
descriptive evaluation of the carcass were obtained at this 
time. The procedure of collecting carcass data was modified 
from time to time to meet the convenience of packing house 
routine. 
Data were collected from one hundred and fifty-five car- 
casses, ranging in grade from top Choice to average Utility. 
Rib eye and fat width measurements were not obtained on eight 
carcasses due to camera failures. The carcass data collected 
appear in the Appendix. International Business Machine equip- 
ment was used to facilitate the analysis of the carcass data. 
In order to use International Business Machine equipment, it 
was necessary to use a coding system that would identify the 
carcass data. The outline used for coding the data is given 
in Form 
EXPLANATION OF PLATE I 
Illustration of the measurements taken of the rib 
out and location of the points used in taking the 
measurements. 
26 
PLATE I 
EXPLANATION OF PLATE II 
One of the photographs taken of the rib cut of a 
beef carcass. 

EXPLANATION OF PLATE III 
Illustration of the use of the equipment in taking 
photographs of the rib out of a beef carcass. 
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PLATE III 
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Form III. Outline used in coding the carcass data for analysis. 
Item 
umer ca va ties ass griW-C71.- 
to the data No. 
Number of Carcass 
Sex 
Steer 
Heifer 
Grade 
Actual number 1,2,3,4 
1 5 
2 
Prime - High 02 
Average 04 
Low 06 
Choice - High 08 
Average 10 
Low 12 
Good - High 14 
Average 16 
Low 18 
Commercial - High 20 
Avsrage 22 
Low 24 
Utility - High 26 
Average 28 
Low 30 
Weight Actual Weight 8,9,10 
Length of LIE Actual Measurement 11,12,13 
Length of Body Actual Measurement 14,15,16 
Total Length Actual Measurement 17,18,19 
Length of Loin Actual Measurement 20,21,22 
Width of Shoulder Actual Measurement 23,24,25 
Depth of Body Actual Measurement 26,27,28 
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Width of Round (posterior) Actual Measurement 29,30,31 
Width of Round (anterior) Actual Measurement 32,33,34 
Circumference of Round Actual Measurement 35,36,37,38 
Plumpness of Round Actual Measurement 39,40,31,42 
Ribeye 
Area Actual Measurement 43,44,45,46 
Width Actual Measurement 47,48 
Length Actual Measurement 49,50,51 
Thickness of Fat Actual Measurement 52,53 
Ribeye Index Calculation 54,55,56 
Color Reading 57,58 
Al 01 
A2 02 
A3 03 
A4 04 
A5 05 
A6 06 
A7 07 
A8 08 
A9 09 
Al0 10 
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Conformation 
59 Compactness 
Very Compact 1 
Compact 2 
Moderately Compact 3 
Modestly Compact 4 
Slightly Rangy 5 
Rangy 6 
Very Rangy 7 
Thickness of Carcass 60 
Very Thick 1 
Thick 2 
Moderately Thick 3 
Modestly Thick 4 
Slightly Thin 5 
Thin 6 
Very Thin 7 
Ribeye (lean) 61 
Very Large 1 
Large 2 
Moderately Large 3 
Modestly Large 4 
Slightly Small 5 
Small 6 
Very Small 7 
Loin 62 
Very Thick 1 
Thick 2 
Moderately Thick 3 
Modestly Thick 4 
Slightly Thin 5 
Thin 6 
Very Thin 7 
Round 63 
Plump 
Full 2 
Moderately Full 3 
Modestly Full 4 
Slightly Deficient 5 
Deficient 6 
Very Deficient 
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Finish 
Thickness of Fat (external) 64 
Very Thick 1 
Thick 2 
Moderately Thick 3 
Modestly Thick 4 
Slightly Thin 5 
Thin 6 
Very Thin 7 
Distribution of Fat (external) 65 
Very Uniform 1 
Uniform 2 
Moderately Uniform 3 
Modestly Uniform 4 
Slightly Uneven 5 
Uneven 6 
Very Uneven 7 
Kidney Knob 66 
Very Large Amount 1 
Large Amount 2 
Moderately Large Amount 3 
Modestly Large Amount 4 
Slightly Deficient 5 
Deficient 6 
Very Deficient 7 
Marbling (Ribeye) 67,68 
Very Abundant 1 
Abundant 2 
Moderately Abundant 3 
Slightly Abundant 4 
Moderate 5 
Modest 6 
Small Amount 7 
Slight Amount 
Traces 9 
Practically Devoid 10 
None 11 
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Quality 
Grain of Lean 
1 
2 
3 
69 
Very Fine 
Fine 
2oderately Pine 
Modestly Fine 4 
Slightly Coarse 5 
Coarse 6 
Very Coarse 7 
Firmness of Lean 70 
Very -11rm 1 
Firm 2 
Moderately Firm 3 
Modestly Firm 4 
Slightly Soft 5 
Soft 6 
Very Soft 7 
Color of Lean 71 
Dark Pink 1 
Very Light Cherry Red 2 
Light Cherry Red 3 
SlicYhtly Dark Cherry Red 4 
Moderately Dark Red 5 
Dark Red 6 
Very Dark Red 7 
Color of Fat 72 
White 1 
Creamy White 2 
Creamy 3 
Slightly Yellow 4 
Yellow 5 
Very Yellow 6 
Fiery 7 
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OBSERVATIONS AND DISCUSSION 
The statistical treatment of the data consisted of simple 
correlation and multiple correlation and regression analysis 
as outlined by Snedecor (12). 
A summary of the correlation coefficients between carcass 
measurements and grade is given in Table 5. The width of the 
anterior round indicated the highest relationship of any of 
the measurements taken with a correlation coefficient of -0.56. 
Width of shoulder, weight, plumpness index of the round and 
fat thickness over the eye muscle, decreasing in significance 
in the order named, indicated a significant relationship with 
grade. These correlation coefficients indicate that carcass 
width, as determined by width of round and width of shoulder 
measurements, weight, plumpness index of the round and fat 
thickness over the eye muscle may be useful indices of carcass 
grade. The depth of body had a lower value as an index of car- 
cass grade with a correlation coefficient of -0.28. Total 
length, length of loin and width of posterior round were not 
considered useful indices of carcass grade since these measure- 
ments had very low correlation coefficients. It is probable 
that these low correlation coefficients were the result of such 
a small inconsistent spread existing in the measurements as com- 
pared with a much greater consistent spread existing in the 
grades. This is particularly true in the case of total carcass 
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length which had a very inconsistent variation of measurements. 
A summary of the correlation coefficients between the 
grader's descriptive evaluation of the carcass and grade is 
given in Table 6. All of the descriptive evaluations exhibited 
a high relationship with grade except the kidney knob, which 
had a correlation coefficient of +0.30. The highest relation- 
ship existed between grade and carcass compactness with a cor- 
relation coefficient of +0.62. It is probable that the higher 
correlation coefficients of the grader's descriptive evaluation 
over the carcass measurements were the result of the descrip- 
tive evaluations having a wider consistent spread with an 
equally wide consistent spread in the grades. Another factor 
considered to have a bearing on the higher correlation coef- 
ficients obtained in the grader's descriptive evaluation was 
the observed tendency of the grader to score each individual 
carcass characteristic in relation to the predetermined grade 
rather than strictly on its actual development. This re- 
sulted in the carcass evaluation being grouped around the 
grade with a resultingly high correlation coefficient obtained. 
The carcass measurements which had given the higher cor- 
relation coefficients with grade were tested with multiple 
regression analysis to determine which combination of the car- 
cass measurements served as the best indices for estimating 
grade. A multiple regression analysis of weight and fat thick- 
ness over the eye muscle gave a correlation coefficient of 
-0.56.- When the plumpness index of the round was introduced 
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into the analysis with weight and fat thickness over the eye 
muscle, a correlation coefficient of -0.59 was obtained. 
Width of the anterior round when analyzed with weight and fat 
thickness over the eye muscle gave a lower correlation coeffi- 
cient of -0.56. Hence, by using plumpness index of the round, 
rather than width of the anterior round, with weight and fat 
thickness over the loin a higher relationship with grade was 
found. This is due to a simple correlation coefficient of +0.86 
existing between weight and width of the anterior round as com- 
pared with a simple correlation coefficient of -.0.36 between 
weight and the plumpness index of the round. However, it was 
noted that neither the plumpness index of the round nor width 
of the anterior round added significance to the correlation 
coefficient. 
The relationship of grader's descriptive carcass evaluation 
with grade was determined by multiple correlation analysis. The 
descriptive evaluations that were comparable with carcass 
measurements were used. The grader's descriptive evaluation of 
carcass compactness and thickness of external fat gave a corre- 
lation coefficient of +0.74. When descriptive evaluations of 
plumpness of round were analyzed with descriptive evaluations 
of carcass compactness and thickness of external fat, a corre- 
lation coefficient of +0.75 was obtained. Thus, as in the 
correlation coefficients obtained with carcass measurements of 
the round, the grader's descriptive evaluation of the plumpness 
of the round did not add significantly to the correlation 
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coefficient. 
The correlation coefficients obtained between the grader's 
description of the carcass and the carcass measurements are 
given in Table 7. The highest relationship was between the 
grader's description of plumpness of round and the plumpness 
index of the round, calculated from measurements, in which a 
correlation coefficient of -0.42 was obtained. The low corre- 
lation coefficient of -0.33 between the grader's description 
of thickness of external fat and the measured thickness of fat 
over the eye muscle indicates that probably the grader does 
not distinguish between small changes in thickness of external 
fat. The width of shoulder measurement and the anterior and 
posterior width of round measurements had a nonsignificant re- 
lationship with the grader's description of carcass width. 
However, carcass compactness is a relative factor in which 
width in proportion to length is considered and so length alone 
is not indicative of carcass compactness. 
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Table 5. The coefficient of correlation between carcass 
measurements and grade. 
Carcass measurement : Correlation coefficient 
Weight -0.48 
Total body length -0.15 
Length of loin -0.15 
Width of shoulder »0.49 
Depth of body -0.28 
Width of round (posterior) -0.17 
Width of round (anterior) -0.56 
Plumpness of the round -0.42 
Width of fat -0.42 
Table 6. The coefficient of correlation between the grader's 
descriptive carcass evaluation and grade. 
Carcass evaluation : Correlation coefficients 
Compactness +0.62 
Thickness of carcass +0.58 
Ribeye (lean) +0.45 
Thickness of loin +0.60 
Plumpness of round +0.54 
Thickness of external fat +0.65 
Distribution of external fat +0.55 
Kidney knob +0.30 
Marbling +0.61 
Grain of lean +0.47 
Firmness of lean +0.47 
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Table 7. The coefficients of correlation between carcass 
measurements and grader's descriptive evaluation. 
Carcass measurements 
: Grader's descriptive : Correlation 
: carcass evaluation : coefficients 
Width of fat 
Plumpness of round 
Width of shoulder 
Width of round 
(anterior) 
Width of round 
(posterior) 
Total length 
Thickness of external fat 
Round plumpness 
Thickness of carcass 
Thickness of carcass 
Thickness of carcass 
-0.33 
-0.42 
-0.03 
-0.19 
Carcass compactness +0.03 
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SUMMARY 
1. The measured width of round, width of shoulder, 
weight, plumpness index of the round and thickness of fat 
over loin, decreasing in significance in the order named, 
gave the most significant relationships when correlated with 
grade. 
2. The measured depth of body, length of loin, total 
length and width of the anterior round gave a low relationship 
when correlated with grade. 
3. The grader's descriptive carcass evaluation gave a 
higher relationship than carcass measurements when correlated 
with grade. This was apparently the result of a consistent 
wider range in the descriptive evaluation and the grader's 
grouping of the descriptive evaluations close to the prede- 
termined grade. 
4. Weight and measured thickness of fat over the loin 
gave a significant correlation coefficient, Indicating that 
they are useful in estimating grade. 
5. The plumpness index of the round gave a higher corre- 
lation coefficient than measured width of the anterior round 
when analyzed with weight and thickness of fat over the loin. 
However, neither measurement added a significant amount to the 
correlation coefficient. 
6. With the exception of plumpness of round, there was 
a low relationship between the grader's description of the 
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carcass anc carcass measurements. 
7. A satisfactory method of photographing the rib cuts 
of beef carcasses was developed. From these photographs, the 
desired measurements were made. 
Due to the difficultLi encountered in arranging a satisfac- 
tory working agreement with a packing plant and other condi- 
tions beyond control, the carcass sample collected was not as 
large as desired. Therefore, the conclusions made in this 
study are drawn with extreme reservation. 
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APPENDIX 
Tabular form of the carcass data 
7E° y , 
_. 4 81D0_ 3.2_953_6729,13 n' a I -- ' 6 y A 6., 
_6633_3,60 
-_,,,_.,_,, 
__A s 
4 
, 20242 6612 6 54_ 3677 7,233_ 93, 13 
_ 
_ 
.196/O_666_6130.2327 
5,3 
7 6,137_ 
,3 8 
n ,666 3 6966969_,_ 
3_ 
_9 2 a 
1_ 
D_3 4 , 6, 9,220_ 3 _4_26_ 
_9_2_4 714 910 
_1_93_ 73, 
_67_01, 0 A 63 
_519 
-n7_--,,,,,,,,s___ 
_ 
5_, 3, 602 740 656_,911662.2, 
36 3.3 451_ 060 10/, 54.50 61124 36690._2_ __9 ,_1 31303 5 ,_O 
_6_11, 
5_3, 2 33 3_,1, 0,93 g 0 a0 S. _7 3 24 607 250 117_ 652_719 490 ,O 4{53 525_ 
_996_130__ 79. 61 167 3_,__3_3_1_125,41_,,,_ 
a 6 16 6_01_7s0 124 231_67, 400 630 425 65 77, s73 6195 53_1301 _05 3 91 61, 
_026-3663 
_ 
__62,0,, 36 A 
_4 4 4 3 6 3,23223 5 _, 3_ 
6-0196 61fr. 619 126204661219667. 429_973275836_ 48439,1162 3_06_ 646 
__3_34,3_3_0_3_ 
6_, 6 23 ,,,,,, ,y_o_ }. 2_7 653_9,_65065D 361_71.6654 s790 301 6 .fl 4 A 4 3 4_ 3 _33.63_3 ,_a_ -1269-62-711-3-36-333 
319 
. 
2_53 
_05 2 4_ 6 3_ 9 
__ DO_ 9 31_13 
_/ 
63_ / _12_146 37, 135 9_2_77,A1/069.3 
470 
_33_0 39 
_ 
_ 
_ 533 12 14 
, n a 
_69_0,366_1 
_3_2_3_1_3_09_1_, 
AD 1 12 731 7012 106 9 
_ 450 930_422_9o. 
_060 11,8_625s 3x ' 
, , 14 9;1 :5 
_1_5_1_36366_0_1_0_32205606_, 
46/.., 43_2_6,63 4,,, ,9 , 
' 
3 3 3 
-3 ' 3 " 3 5 3 3 
3-1-, 1 -,' 971 6_60 122192 634436 4,4 394 67 
-L1-4-"''' 
1 ' II 4'-'-'''' 4 4- '-'-'_3'1-3 
0 ''.-, 
'6 0_ 3 
, , 244 05 p 
_ 
-3_ 0_, 0 _0,_,_3_0 ,_ 
_60_326 a _206_94,3 2_,,,L 
_4_,, 
,,,..,__ 
cl 3 26 
_6,66 7 2, S. 3_3_2 3_10 3973 2603_ 
39_1 7.2_7_,_550 133 1 
_ 6933.493 
_319 62363530 069 44 141 -19 .20__OD_4_3_3_4_1_3_3_7_06 2_,_9626 
11 1 _17_625 !,30_ 331 sl 4 sspo sjg 449 49 31, 4,51_14,, s450 5 0 13;4 2s1 06 3 13_4_1 3 6_3,6 7_ 3_1 22 1 1, 834 _292 115 ,17 740_404 44 4_43_ 304. 434 3,5_ 313 13] 3 
23 y 12 734 330 23K n1.7 630 00 1_029 04_ a 3 
02 
23 / 16 538 ,5, /17 3362 .300_37, 41D 37S 513 79D 1,0 5,743 
_724-1_ 19 626 610_196_,92,6.49_,..9_,,_9_1_4_,,,,_3_, 
7 
_3_5 ,19_, 00_ 3 2 0 
.,0_3_,__, , , 3,0 830 434.41_4 (1_,11:. A96 3 3 0 a EID 0 6 3 , 1 l o f s ,2152 tog 4 3 4 a 4 09 4 4 0 7_ 26_2 32 720,, 631 213 630 415 460 390 6,3 212 _927_25_54 1221 7_071 36 3 _3 3 ,D, 4 .0 3 27 1 _14_81 4_81_0__/34._9_10 6, 403 460_63,4 426 733 330_,_, 6 36 3_3 3_3_53_3 207 29,n 0 20 1 92 683 800 127 507 635 /160 3606406 Sap 535 104, sang 61 1 9,2_, _5_, n 5 5 a 3 3 Os 5 a 3 29 y 52 052 070 333 ,4 670 430 480 .419 505 000 6,20 .3, 3 3_3 3_4 3 _3_0 0 2 2 0 3 033_3_ la 696 763 
=1,013 84 14139. 66,5 , 06 3 06 4 2 0 3 31 1 12 744 790 126 437 6, 4.934 445 515 - - 3 ..276 ,00 3-32, 6140 56 /3 0 J_ 2 3 14 767 8, 136 216 70 35_440.415 1 946 220 1,0 7211 63 140 33 1 2 723 720 121_202 6,0 465 .960_940 520 930 1177 7914 68 14 0_6 3 5 3 5 s 5 3 1 07 2 4 0 3_ 34 I /0 731 710 /26 204 610,130_400 350 995 640 /037 7423 408 05 4 0 3 3_ 3 3 3 07 2 4 0 3 62 1: 2 703 500 107 017 600240 450 400 510 53 los, _ 4323633 4 3 3 3 3 3 3 3 08 9 2 0 3 025. 03 4 A 3 1_3 3_3 3 07 2 5 0 3 _f6 1 14 602 7s0 123 100 630 405 430 39, 47, /90 20, 6547 54 
_183 6 2K.7075 4 4 3 9 03__3 07 9 3 37 1 la 5, 30 81 197 6.40 77/s 420 762 470 _22, 14473 127g , la, 7 074 07 9 4 4 3 1 3 3 4 08 2 6 0 3_ 30 4 12 724 520 /24 405 590 ±30 440 90.. 910 864 1972 6147 3,2 
_t_ 106 3 2 676 3 (t.51719.223 630 3,0 450 380 
.M11. 010 3.0 6166 60 33 00 4 3 5 3 a 3 3 (60_ 
1 14 2 
2 2 01 40 / 10 695 760 12 2,0 620_430. 70 370 465 790 1039 6604_ 62I 
3 3 3 04_, an 0 3 _41 ,0 la 611750122 995 ,40 4,9 430 77, 475 780 ion, 500 054 435334304 42 620 800 13 203 690 405 450 373 470 /70 287 62133 135 
5 0 
.20_4 4 3 4 3 3 4 3 06 4 Z 3 
43 1 16 711 790 127 806_600. 04, 440 3 4, 410 1323 1. 9 
.66. 0 
431,7 /06 
D 821 06 4 4 3 6 1 1 a 35,2 203 64 2 6_76 9, 2.20 ao2 62030 10 535 6, 1019 6740 so 12 1,1_ 6 4 4 33 3 3 3 3 OD 2. D 3 45 3 2.6212 800 126 232 630 .1.12_65_360 0 60 6 6 0 ,_3. 0 5 ,_, 03, _ 3 0 4 2 _.6_1. 12 708 ,9, 151 01D 700 11 4, 495 , 333, 6302,4 no -1 01506 9 d , ,, Oa 0 2 ,3 12 764 520130 232 :03199. 960.g.90 485 0630 1012 7424 63 394 7_1430 06 3 4 1 5 3 43 .3 3 0 6 4 2 0_ 12 044 ,o 629 106 4,0_430 4404964 __1550.___4_57___. 
6_ 6_ 3_ 9 6_3 4-3 7 0.2_22 2.2_ LP 1 4,7 626 002 1051 440_650 4,166556_374 9630 790 897 5430 5.4 666 
-1331I713.11 ID 
.- 4 9 9 so 1 10 687 72, 130 1229, 600 4.5 94008 ,s4 805 1127 6056 58 337L 236 25 3 3 3 3 ... 0 02 621 79_,128 207 670 333 490 360 495 nda 3081. 2,1,57 130 205525_ 9_5 3 2 _02 3 10 569 ao0 157 2 '00630 4,, 430 413 4_903 880 1102 7 3_9'0 6 3 131 9_012_05 3 3 3 14 316 830 232 228 670 435 450409_ 590 4/ Ell 105, 59 133 2 3 05 4 54 0 12 868 830,36.9-824 730 46666.694,0, 3, 236, noon 714n 6 0 3 53 0 14 535 730 103 a, 660 9,0 430 73 40 
1 1 2.2 31_05 760 124 5103 530 2,68101315 _.415 7339_243 5612 62 1 
72 1 ,.I 462 3330 .2 70.66, Js} 3, 1333 416 760 274 !oak 51 1 
7,1 31-2_ 3611 300_ 127 207 8. 4 Ah 940 ,373 405 755 951 5000 52 107 
' 1 2 _5_7 3 3 511 7 5 0 5 2A _6_4_1,L4_, 0 43.0 337 4 60. 733 1020 
, 1 126761286 123 ,.6 610 4z 4 30 616, 1730_ ul n 1 024 fi 
76 3 18 586 790 155 4_9... 6S0 803 440 363 960 7,0-1.906 see, bb 1 
77 1.10- 500.339 111 104 178602030 362 455 7340,0.63673 67 
_2. 1 _39 329 730 117 1913 610 420 410.3+0 465 6201 ,43 
79 1 10 32. 770 102 1355 640 459 430 336 460 770 1000 3234 60 
80 1 24 532_760 121 137 610 85 450 340 445 76s loos 
sn 110 2-11 650 385 ado 204 460 7,333 Inn s 
11,2_3_10 360 750 1, 197 610 432 412 375 470 785 1046 5314 44 
03 1 10 53, 5730 410 09 603 97.- :00 360 450 755 1085 4127 49 0 
1144 05_3 3 3 I 
00 45 _3 3 
I 1__93340 
1 I t 40 OD 3 3 4 
6 
3 3 7 
s 3 3_ 09 2 , o 3 
3 
_3 a 3 od a 2 
_3 
3 3_3 3 06 2 2 0 3 
3 3 3 3 06 :a sp 3_ 
a 4 3 Os 2 0 0 1 
3 3 06 1-27 66 6 
4 08 6 5 4 
3 3 2 4 Oa 3 
3 8 3 07 d 3 
,74 706 a n 
3 4 2 3 OD 3 2 0 
os 2220132105 ln,_063517770705 2833 
3 3 3 1 3 2 5 7 05 ',10 
7 5 3 350 r so_3 
5 5 a 4 s'aa 3, 3.04,3201 
0 242 3 3 3 7 3 2 4 Os 2 2 0 3 
4 3,__3 3 3 3 3 2 3 Os 2 2 0 
4 5 4072,30a 
55 3. 06 559 7300 121_19,630 300 410 _LSO___..316___..L64_ 907 S133 49 
- l 1 00 3 1 3 3 4 3 a 4 Os a a 0 3 
Iry 630 f72. 347129__0.432_4_334 30 -359 4,6 764 7(14 3 3 5 ,34 4 ad a 0 
.7 1 20 406 366 1463 1 9 0 460 5 9 0 420_3746_ 450 716, 790 064,_33 1 5 4 1 9 5 4 0704407 
28 1 23 477 750 119 194.630 365 420 348 720_ 460 3114 _67 4 4 08 6 2 0 4 
.9 1 IA 595_770 121 198 630 4510 41, 325 445 700 18155 0226 22535 3 1 03 5 3 0 1 
0,53 5,4 331 43n 4.90 An 6, 6111 4 4 4 5 3 9 6 3 n 
,16 22 551 90 323_231112210_3922 _4381633. 4 S o 330- ._439..61- 07 S 313 
42 1 -22. 283 7 99_ 362.33,416_,136_4_310_63_0_4111 4 3 5 6 7 a s4 0 5 
3.3 la 5., vs,744 se 640 311.6-6,59-16.26 430 Zed_ 381_, 9 
5 4 3, 06 8 3 
84 1 22 54..51 90_126 204 660 790 390 167 /150 750 249 3907 34_ 
PS 1 2" 613,9_3-1. .9.0.0_060 3510 426 348 44, / 40 4 3. ,. ,4.2 7 60 122 5. 
3_512 157 760 1152 1.4_4_,0_,Le_s-4.--_/16,___Augy--- 0 .-......44 -'-' ' ,'-'...9_,_%4 _,.4 ' : :: ', : : '., 
77 1 2 _541_7332 1.13 4.131_041.0_1360 410 34.4 .44_5_ 700 193, 3173, 45 3.1, 1...M-6,3,3_03, 33, 
4 667_260 121 186 650 413 420 330_ 499__ 700_1450 7 5 4 3 0 1434 _ 4 0 663 4 3 3 33 
no 1 2 611_230 110 111_7717033.414.13 4-14/ 3 7 0 PR, ,344.,_893,789-5.971223 211 514 01 283 
302 I. 0 639 270 124 .01 6, 433 .420 36, 460 633 2111 5717 57 131 7 1 
_i_ 30.3 70 , ,, 5,, 35, 3/0 3..55 195 40 1251 5076 47 104 253 07 2 4 4 5_45 4 9 07 55 5 55 3 
160 ,60 tis 7,9-tao 3,70 4.10,36__,6,6___7_,,_204 4033 51 134 1.1'14' ''' ' ' ' ' ' a ' ' ' 
101-5 0 708 alg 327 206 660 a,ro ano 370 9,9 093 1098 5921 36 16,61131 ^53 05 2 a 2 2 3 _3_, 1 04 2 A 
los 3. , 760 790 126 207 660 4 3 n30 39/6_500 225 1358 6320 40 3,3 6)_, , 94 2 2 1_3 2 2 03 a a 0_3 
6 6 30 6, 543 121 125 5423,40 363_37, 4g0 978, 1175 5,0 Ss 126 /30,3.J36343,5,3 46 5 7 4 2 3 5 2 7 na s 7 0 3 
,7 3 20 0, 783 a 24, 4,_ 467 790_3_10 670 92016,8 61652_ 59 137 10_42 430 9_7 3 1 2 2 7_3 2 3 05 5 a D 3 
408 1 24 329 7,0_147_400 220 38s 435 340 455 750 1001 6773 3 ,5, 7, 3, 3 3 , ,0,0_ 
3 5 26_4 060 110 176 000 330 360 305 410 600 15713, 39_7 2 ' 0 4 0 0 5 s 3 4 4 d 3 3 07 2 6 0 
_1 15 605 ,70 122 170 650 430 400 350 410 81,3.1 6,51 5565 , 195 2 5, 0, , 3 .3 3 9 ,. 3 3 0_2_0 2 57 3 
335, 0 6 058 730 300 4133 6275 4,0 350 400 553 930 1072 6133 ds 331 1 3 j667 08 3 3 4 3 4 3 3 05 6 5 0 1 
112 2 14 353 7, 113 123 00 346 370 313 40,3 .70 967 3472 3/ 331 D 3 573 03 5 4 5 a 4 4 4 3 04 a 2 0 3 
113 a 24 }415 300 132 181 690 350 560 390 47, 360 ',35 366.0_37 101 1 3 sv3 30 , , 2 
a g 4 g 3 06 2 3 nn 3 
136 2 12 405 59.0 314 189 630 330 360 3.0 400 340 V A1 4293 45 3,1 11, 314 0, 05 3 3 3 3 6 3 3 0 04 2 g 0 4 
193 2 12 350 662 106 172 660 165 340 310 395 050 984 3870 4 ' ,6, , S 3 3 , 3 3 . 05 0 3 . 0 
1,3 2 As 343 630 109 174 570 3003.0 31s 395 660 1000 4477 4 , , " 3 s , , , 0s s s 0 s 
67 218 331 630 107 175 660 340 360 353 dOo 680 1020 537.1 52 17 s 3 3 s 3 0 , 
118 2 16 406 590 111 1, 610 360 390 3,, 4to 6, 987 5380 ... o ,. 3, .3, 3 3 3 3 3 3 03 3 3 5 3 
450 2 35 3155 .0 1-V7 7!, .! '42 ,, ,,' _ ,' , ,,.. s7s 33S,1 3 ' ,, 226 07 3 3 3 3 3 5 3 3 06 4 3 0 1 
120 2 la 333 650 101 112 913,L4).711*M1_104 390, 13 l 9 6173 46 555 7, ...., 07.3 7 
3 5 5 g 0 .2054334,52446,21.8-6- 
122 / 18 400 ,z9 160 196 640 373 400 310 430 679 843 4636 40 1. 3 -, 302 ao 7 4_4 4 b 7_3 A 
05. 3 0 
122 7 16 3.1 670 106_11. 56P 390 330 .9.s0 _3165........7.42.42.166372 .3, 4,3 
034 0 14 5/0 953 101 .41--pre-rrPrPrt ..., , ,.._ . ,,, 220-, 
6843 53 -467 t. 
,33_2,6 3, 769_ 42 4 6,5 073 6,8 _25 
132 t 40 ,6 5 5 37 6_7_ 6 6 11 1,2D,1.., _ 
3 14 46D /50 147 2.22 640 774 6 0630 ,". 7, no , 41 01 31 
61,6 Ds 3 n 3 3 3 _3 2 s 97 2 2 
0 
, 1 la 698 820 137 219 650 120 ,M1_40, 10 
, 0 M12 , 0 55 0, 03_ 245 04 ea . 4 a 
4 4_ 6 5_02 1_1 0 9 
114 2 au _1,6_66_0_ 106 174 560 _3,23_3, , _226 ,3113 
6, 1516 40 303, 7 7_3_, ,5,_., 2 5 7, 1 0 3 
935 2 0 4, 600 109 1,7 390 ' Yo 3.0 ,.. 630 730 I, , 5370 51-1, 
04_3 33_3 3 a 2_2 oa 
112 3 19 620 /60 120 326_630 4-3 6221 di 
679_ 6"20_1114_ 6143 44 , 2, 
05 5 4 5 5 5 5 .2 Oa 2 3 0 3 
221 2621,,o .1.2,6.D .o. 32_0120 3,36 473 t__21.31_41.. 
134 2 ,7_4 a 3 4 1_4 2 6 1..,.3.2.,- 
I, 1 18 602 /65 124_,D0 250,40 400 6 2 446 al, 30,6.7606 64 463 4 06 
3_ 3_, 5 4 5 6 6_03 3 0 1 _, 
62 614 584 740 117 1,371 j26:67 400 M170 460 210 ,,2,73 ,.,' 4, ,, 
440 4_4_, s_ s_ 5 3_6_2_2 802 2 
3.40_3/_2323_.71 171_103_009.33.33.0 370_ 4635 _lL13033 
962 ,71,73 _47_6, _ 03 6 .3_3_ 3 _43_.6.6_2_06 
3,3 I 
ral 2 10 aal 660 Ina 1, S'0 ,36 170 340 430_ 7522 1106_ 4,22 996_10 
0! 2 3 3 3 3 4 9 D 0,, 2 0 1 
142 3 1, s.., 130 314 n.7 5 c /00 3/0 445 
L944313.170A31_6372_ 2. 
_04 , _4 4 4 A 4 2 7 03_3 ___, 
0'3 7 , 4, 670 216 n a, 5 .0 30 s , 82 .....2,0,444.341263,2314 1294 
41 375 04 3 3 4 3 3 9 
3 6 5551 4 4 24_, 
6,9 ,161 913 6400 1_11 117 2 , 0 ny, 57, 4, 7201D90_6Z1,26 
I, _3_5_3 _3_3_3_ 9 35 _11, .- 0 1 _ 
195 2 /a 461 30 109 1,6_ 9_ 0_ 0_,0_76 I 
635 76o 614, 2931 49 12,1 45_ 3_3 3 3 3 _3 
3_ 3 2 311 , -1 6._ 
555 aria3,33_3.1-0_11.3-1.1,4_637. a. 
esE_oV_U 4638 112 4_2_62 9 69_5_6_3 _6_6_31 
6,3_ _5_2_, 
82 I 29 323 9333 61_106_ 620. 393_3, 963_ 
_ 
680_ 7336,25 40_130 3_2233 4_, 5 _9_9_ 
4_4_69_1_5_4-i_ 
152 1 38 290 723 16331,625 3,. 330_590 _990_64. 
936 9, 67 616_ 4¢ 10_ a 06,6366 60_6_6_ 6_ A __ 
1_16_ _4_31 63¢ 3_1n 111_29023,60 368 461, 
65_23_0_3 0 A 2_3_3_3_ 
165 1_24 756_750_11,3_18.33_6121 113 
330_4_0, _215 _0724 855 4541 4_0 
3 0 4 5 4 -5- , , 6 5 , 0_ 
4 3 4 5_ 
43_3_ 9 O 9 ft 
1_24 7_ 24 370_910 _119 655_ .18 340.392 
310_ 78D_ 914_100 
9.32D A, I 5.391. 140. ,-.1.0_3_40._6- _, a_s 17 
430 1044 6268 54_22, _0 a , 3 __33_ 43.44111-1-3-,-__-- 
111_101 998_ 3_39 ,30 21 310 9_,,_ 97225 59_11 13 
3 5 3-3_5_6933_5_1_,4__ 
10.-8 1 In 5.,0. 790_ 925_693 2.90,12,2_360_428 
_5, _,D 1133 6,6 65_, _ 335 9, 3_ 5_4_7 3_ 5_3_923. 
1 1 -8 - - 
61,8_01,-5,0_33,66_,_64,9296_99_95,2e2s. 
lr,_,--72ra1.1...4,n4.46mn.491.D.,144W21nm!B_-6 
__ 
.6.93-13361 ,, 3213,s_o _ 3,3_ l. 1,8 411 5 1, _279 07 __ 
3 21_6_662_1 6 2 3_6_0 _ 
17, 3. 13_949 6. _162 3.317_6939 _ _ _ _ 3, 7 ,0_145431 4 
313_4 4_1 0 4 132 17.14.240,43,11__ _ 63_33_ 
_3 _2_0 6 2 22 , _ _ 
_2 _22-437_4__724-1313-1330_63...._ 
-,--4-6-6-aa ...---2.1.4--1,16,0-1.03._ 
.913a_Ora 3_ _3_ _3_4._3_12,-.9. ,_s_ 
= - 
, _29_ 63_4 '30 114 /.0 7 6,2, 4 7 3_6 0_ 41,3 _ _3 40_9439-4767340_ 
3_373 ,7 1 _Dd. D. a _4_4_3_ 
4 9 
174 1 Ls 653 29 o 123 .10.4 .6.532_ 
991 0 509_390_ _ 492 _4_4.--4-441111 _712.7-!_s9 
4_99 05 3 0 4_94_9_16_323_1_¢ 4 
926_1 _la D93,030_125_ L03-5613_6 
29.3_635 480 37731_,79 _563 96_ 
.02_613-3-61-6-3-6-1--6-3-21--,--,_13-4__ 
1/ a 1 IL 640 730_ 128 206 _6. .440_ 400_350 
_ 
_36__7300_1950 6,05 5_3 
56 9,, 3 4 4 3 260, 3 6 g a 
1, 1 le 633 77D 127 204 72 4,0 310,20 499 
3,212 10.4 524.50_13 
Do 2 J 3 3 36 6,6_ 6 7 0 2. 
6'12_1 69_ _69.5,90_ 12, 6313-5,121-4-70_190,3a-173-971-01939-59223_3_3_123 
05 4_ 4_4_, s___6_36,65-3-5-0 8 
28 1 14 546 750 1231,3.592 J /0 910,33_ 
449_ 7_, Y721292 4 5 3 11,- 
150 1 115 673 320 136_a1.3_6.72 
460 420 400 980 _ 3.1.3.2_2294 
61 128 6_06 9 4, 9 4 4_6 3062 365_0_4_ _ 
19_ 6 10 _2 24 ,Ao_ 620_ I 44 _60.a ,_,4_441-1_0,1 
_6_8_9___aaa-a-4,"_33 a_ 
8 0 0 2 4_ 2 -0 5_2_ -2_ -0- 1-- - 
15 5' 9 00 630 740 122 490 8 
6_0 _3102 490_174 4260_ 0960_1094 
_ 
_004 04 2 2 3_ 16 .1 3 _2_3_00_1, _03_ 
_ 
3 1 13 5, 3130 32_6 609 A,5_,,,s_ s_st,__a u, _ _440__7_45 
-6 404 4411 54 Is. ,,, 05_,_3_,_a 4 6 5 9 13_19_1_- 
4 015 3 4 9 2 9_4_3_7_08, 3,3 , _ 
694_1_ 13_5_5_5_ f,3_0_ 3,4_4,31_.0_21.9_3_2_3_3,3-_61---..--taaa03141249-1.31_ 
165 1 1 5.93 /70 I, 11.1 430 9 .0 4213_344 _ _4._ _750 3.107227436_61 
108 931 02 a 3 2 3 3 3 4 
6_03_23, 4 
1, i 91 554 , 123 502 540_410_ ,00_96.0 4103-7_30 
_3393.0.7931_1_67 131 4 
42, 05 A 5 3 4 4_ 4 2 6 05 
5_6 3_2 
97_,02 93.,_ 91122 402. .7,4 _11,1 ,. ss0 
34 '___O__--4.0.--=2-. 
2-2224_ Dfi_l_a_,_a_,_ 3_2_3_97 3 3_3-6- 
1 r 5 2 3, 30, 6,0 778 1.31_500 ,.30 
373 3, 0 4., / 0 4_,44,S,2_ 40_tPL_ c 7 44_ s , 4_ a 
3 a a 6_04 a 
4 10 573 790 7 07 506 070 ,30 950 
73 4/3 310 10_, 000 6 5, 132 IL 3.4 
0 S 4 4 4 4 4_2_3 03 1_70_7 
397 * 0 _ 9'0_31, L0.0..-_4_1_,___SY-4.-3----_,- 
'2,,,,0s. 
11 
14.4"6:0 9, 33 : 03 a1 _, '---2'-1-:--.°44_44 3 9 _P_,_ 23 
,3 336 47.0a0 A a _n po_3,4 _ ,25__aA0_14, 
55 7_ 
00 1 10 5.25 (70 7477 1, ss_s _4,0_ ,_40__,__42,0__SIS 
SL.2, 9174 91 1 156 
143 4_3 4__,,_±,:f_o__ 
, ,,,____.,,,: 
4 9_ a 4 3 4 5 4 08 3 3 0 3 
